The objective of this paper is to present a de®nition for dietary ®bre based on recent advances that have taken place not only in human nutrition but also in plant cell-wall science and animal nutrition. We propose a physiologically based framework de®nition but, recognizing the diversity of dietary ®bre, we have proposed further classi®cations within this framework. We also suggest that dietary ®bre be removed from the carbohydrate group of nutrients because some compounds de®ned as dietary ®bre are not chemically carbohydrates. The de®nition and classi®cation system clearly highlight areas where further studies are needed.
Introduction
There is no universally accepted de®nition for dietary ®bre (FAOaWHO Expert Consultation, 1998 ). Trowell's original de®nition of dietary ®bre was`that portion of food which is derived from the cellular walls of plants which is digested very poorly by human beings' (Trowell, 1972) . The de®nition came from Burkett and Trowell's research on the health bene®ts of a diet containing a large amount of plant cell-wall material. Behind this concept were ideas concerning both the origin of ®bre, in particular plant cellwalls, and its physiological effects. More recently Englyst has proposed that dietary ®bre should comprise only nonstarch polysaccharides from the plant cell-wall. Both of these de®nitions, in particular Englyst's, narrow the ®eld of dietary ®bre. There is evidence that compounds other than cell-wall polysaccharides can have similar physiological effects (Prosky, 1999) . Given the diversity of plant cellwall composition and of the health bene®ts from eating ®bre, it is not surprising that contradictions have arisen. The chief source of these contradictions is in two irreconcilable demands: any de®nition of ®bre should be based on its physiological effects on humans, but should also specify its chemical nature in such a way that ®bre content can be analytically determined for inclusion in nutritional tables and food labeling. There are so many exceptions to the original de®nition and to the de®nitions proposed since, that none has been acceptable to all workers in the ®eld (Cummings et al, 1997; FAOaWHO Expert Consultation, 1998) .
We propose a broad framework de®nition for dietary ®bre. But, recognizing that no one de®nition can encompass the diversity of ®bre constituents or the diversity of physiological effects that have been attributed to ®bre intake, we also propose a classi®cation system for dietary ®bre. The framework de®nition and the classi®cation within this framework are based on recent advances, not only in the discipline of human nutrition but also in the disciplines of animal nutrition and plant cell-wall science.
Our proposed de®nition is: Any dietary component that reaches the colon without being absorbed in a healthy human gut.'
The framework de®nition is similar to Trowell's original concept, but has been enlarged to include substances other than plant cell-wall material. This de®nition does not restrict dietary ®bre to carbohydrate. We suggest that dietary ®bre be removed from the carbohydrate class of nutrients because some of the components of ®bre, as de®ned here, are not carbohydrates. Lignin and cutin are examples. Our de®nition does not presume that the physiological effects of any ®bre component are manifested only when ®bre reaches the colon. Action in the upper gut is possible. However ®bre, as de®ned here, cannot be absorbed in the upper gut. It can be nutritionally active only by affecting, generally retarding or preventing, the absorption of other nutrients such as starch or protein that would otherwise be freely absorbed in the upper gut. If the absorption of these nutrients is restricted suf®ciently to let them reach the colon, they themselves become ®bre according to our de®nition. While the de®nition for dietary ®bre is physiologically based, it is not based on health effects or bene®ts. A health bene®t that is applicable to one class of ®bre may not be applicable to another class. Figure 1 shows our proposed classi®cation of dietary ®bre. The classi®cation is based in the ®rst instance on whether the site of action is in the upper or lower gut and then further according to:
(1) nature of action (degraded microbially or not); (2) physical origin of the ®bre (plant cell wall material or not); and (3) chemical identity of the ®bre.
Site of action
It is clearly important to attempt to distinguish different types of dietary ®bre according to whether the site of action is principally in the upper or lower gut. However there is insuf®cient information on the role of ®bre in retarding nutrient absorption in the upper gut for further sub-classi®cation to be attempted. Although viscosity of ®bre is thought to cause some of the bene®cial physiological effects in the upper gut, there is disagreement in the literature. Dietary ®bres that form viscous solutions in vitro can have physiological effects which are attributed to alterations in intestinal motility (Schneeman, 1999) . However the viscosity of the solutions prior to ingestion does not seem to equate to the intensity of physiological effect (El Kossori et al, 2000) and the effects can be diminished when there is greater bulk in the diet (Giacco et al, 1998) . Insoluble and intact plant cell-walls may hold together particles too large for nutrients to escape from them (Asp et al, 1996) . The relative importance of these two potential mechanisms is not clear, although there are positive effects on glycaemic indices (Ha et al, 1992) and glycaemic control (Wolever et al, 1991) as well as favourable blood lipid modulation (Brown et al, 1999) . We do have some knowledge of the ®bre types that cause the positive effects but little conclusive knowledge of the mechanisms or the chemical constituents responsible (Brown et al, 1999) . Therefore it is inappropriate to suggest further classi®cation of dietary ®bre that is active in the upper gut until there is clearer understanding regarding the dietary ®bre components that cause the individual physiological effects.
Nature of action
The principal feature distinguishing between ®bres which exert their in¯uence in the lower gut is whether or not they can be utilized as an energy source for the colonic¯ora. This classi®cation and its further subdivisions relate to ®bre in the lower gut.
Physical origin
Fibre which enters the large bowel may be from plant cell-wall material, material entrapped in networks of plant cell-walls or other material not intrinsically capable of absorption.
Most of the dietary ®bre in our diet is derived from plant cell-wall material (FAOaWHO Expert Consultation, 1998) but there are two further components that reach the colon intact. Physically entrapped material would normally be broken down by digestive enzymes in the upper gut but thè packaging' of the material prevents enzymes from reaching it (Asp et al, 1996) , either because the enzymes are too high in molecular mass to pass through pores in the cell walls or because the cell-walls hold together multicellular particles too large for diffusive transport. The nature of the enclosing cell-walls will in¯uence the amount of physically entrapped material that reaches the colon. Once in the colon, if the plant cell-walls cannot be easily degraded by microbes, the material may reach the anus intact. In general, if lignin is associated with the plant cell-wall then the entire wall is less degradable, including other polymers that normally are readily degraded. Structure rather than chemical composition is the de®ning factor (Wilson & Mertons, 1995) .
Fibre not derived from the plant cell-wall includes resistant starch, non-digestible oligosaccharides and novel ®bre forms such as olestra which are described as having an effect similar to ®bre in the colon (Freston et al, 1997) . 
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One of the problems for any de®nition of dietary ®bre is balancing the diverse needs of physiologists and food analysts. For a de®nition to be acceptable to food analysts there need to be reproducible methods available and the information that is produced must be usable by the food industry for food labeling. There are well tested analytical methods available for estimation of plant cell-wall material (FAOaWHO Expert Consultation, 1998) . In addition`other materials not intrinsically capable of absorption', such as oligosaccharides, are easily determined by available methods (FAOaWHO Expert Consultation, 1998) . Thus two of the three ®bre subclasses that we propose are amenable to the requirements of food analysis. However currently accepted analytical methods are not routinely available for the third subclass of ®bre;`material entrapped in plant cell wall networks'. Methods are under development for the analysis of resistant starch 1 (RS1) (Asp et al, 1996) , one type of ®bre that is entrapped in plant cell-wall networks. A similar approach would be applicable to other nutrients converted to ®bre by entrapment. The adaptation of these methods for routine use is a challenge for food analysis, but clear de®nitions of the nature of ®bre subclasses will make it easier for new analytical methods to be developed.
Chemical identity
Plant cell-walls are variable in composition depending on species and cell type ( Table 1) . The proportions and types of the main plant cell-wall compounds will vary in each cell type; these are also dependent on the type of plant and to some extent the growing conditions. The variability of plant cell-walls affects the rate and extent of their degradation in the colon. Parallel work on the rumen micro¯ora suggests that soluble polysaccharides are readily depolymerized and utilized as energy sources by the microbial population. Pectic polysaccharides, although only partially soluble, are more rapidly degraded in the rumen than other cell-wall polymers (Chesson & Monro, 1982) . The noncarbohydrate polymers lignin, cutin and suberin, and associated waxes, remain virtually undegraded and are not utilized by micro-organisms. When present, for example in wheat bran, they may restrict the degradation of polysaccharides with which they are associated and may also prevent the disintegration of cells within which other nutrients are enclosed.
Summary
A broad framework de®nition and a classi®cation system for dietary ®bre as a nutrient has been proposed. This is based on recent scienti®c advances not only in human nutrition but also in animal nutrition and especially plant cell-wall science. Our broad de®nition is physiologically based. We do not attempt to specify analytical methods for the determination of ®bre content in foods. Given that some food constituents can reach the colon due not to their own chemical nature but to the structure of the food particles in which they are embedded, chemical analysis for total dietary ®bre is probably unattainable. Developing analytical methods for physiologically active subclasses of ®bre in food products is a challenge: severe in some cases, but in other cases practicable using methodology that already exists in cell-wall or nutritional research. The de®nition and classi®cation system also highlights other areas in which more research needs to be done to further our understanding of dietary ®bre, and provides a clear framework in which this can be done. Table 1 Polysaccharides and other compounds found in the plant cell wall
Compound Description
Cellulose A b1 ± 4 linked glucan which aggregates into highly crystalline, insoluble ®bres called micro®brils. It provides the`skeleton' of the cell wall. There is thought to be a different crystalline arrangement of cellulose between primary and secondary cell walls. In secondary cell walls it is intimately entwined with lignin. Hemicellulose
This covers a number of compounds including xyloglucans, arabinoxylans and b-glucans. Part of the hemicellulose component is in close proximity to cellulose and appears to coat the micro®brils, while in cereals a variable part is soluble giving viscous solutions. Little work has been done on the metabolic effects of this group in non-graminaceous plants, which have insoluble xyloglucan hemicelluloses. Pectin This is a very diverse grouping of compounds with widely varying chemical properties. While there is evidence from ruminants that these are easily broken down by the colonic bacteria, the varying physical properties of the pectic polymers imply differences in behavior in the upper digestive tract. Most work has been done on isolated citrus or apple pectin. The physico-chemical characteristics of isolated, soluble pectins are very different from pectins locked within the cell wall. Lignin A phenolic polymer found within`woody' plant cell walls where it is bonded to hemicelluloses. There are three chemical groupings of lignin. Lignin joining cells together has high proportion of guiacyl (G) units which allow dense cross-linking. Lignin in thick walls of woody cells has more syringyl (S) units. Cereal lignins are less polymerised. In general cell walls with a high content of polymeric, G-rich lignin are more resistant to digestion. Suberin and cutin Polyesters of long-chain fatty acids and phenols. They form resistant, water-repellent coatings, interleaved with waxes, on the exterior surfaces of plants. Much less research has been done on these polymers than on lignin due to the importance of lignin in animal nutrition, but they are probably more abundant than lignin in human dietary ®bre.
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